DOCDHBII SesOHE ^ 



ED 177 01« 



S£ 029 134 



TITLE ' 

INSTITO-fl-ON 

SPOILS, AGENCY 

PUB DATE . 
MO I E 



Navigation. Northern New England flarine Educatiop 
Project. . " . 

Maine Univ., Orono- Coll- of Education.; fiaiiKe Univ., 
Orono. Sea Grant frogras. 

National Oceanic and Ataospheric Adiinxstration 
(DOC), Rockville, Bd. National Sea Grant ProyXam. 
78 ' 

51p. ; For related docuaents, see SB 0 29 132-1J5; 
available in, hard copy du<? to copyright 
ifestrictions 



No 



EDtiS £dlLE 
DBSCfilPTORS 



IDENTIFIEBS 



HF01 Plus Postage. PC JU^t Available troB EDHS. 
Astronoay; Eart-h Scie^e; Ecology; Enwironnen t; 
*Environaental Education; Geography; Gecsetry; 
InterdisciplinarTVPFroach; ♦fla theaatics Education; 
♦Navigation; ■ Ccean Engineering; oqeanciogy ; . *Science 
Education; *S€ccn<?ary Education; Technical Education; 
Technology , --^ 

♦Sea Grant 



ABSTRACT ' . ' , 

This guide provides student practice frcbleas Hhich 
use the procedures of ship navigators tc reinforce thfe slfills of 
■atatfiatics learn^^^^ the s'^condary* school |^nd which seek to provide 
efakples of the apfpfcation of aathel|atiqal concepts. Along with tne 
practtice probless, teacher backgrcnnd Material is t^^^'i^^d briefly in 
the body of the unit- More detailed explanations are provided in the 
appendices. A reference section is included. (RE) 



r 



( ' 



\ ■ 



) 



i^Hi*i^*^^****iit*ik********** ****** ******* ******** ***********^^** *****'****** 

* Keppoductions supplied by EDPS ate the best tnat can' be aade * 

* froa th€ oi^iginalidocuaent. * 
,^i^**i^*i^****f********i**i^****** ******** ******************** ************** 



I 



CD 

♦ f — r 



JSJMMPP /'NOKTHEEN 

NEW ENGLAND 
MARINE 
EDUCATldN 
^ PROJECT 



4 



iOUCATtON » Mri ^ A9f 
fDUCATlON 

S« A ' f (MM i/r ■ • Nl ' J '.■AW , y t'k/J 



John Bu+ZiXL) 



NAVIGATION 




I 

ERIC 



NNMEP is a joint project of the University of Maine 
College of Education and Maine-New Hampshire Sea Grant. 
This publication is a- result of work sponsored by NOAA 
Office of Sea Grant^ Department of Commerce. 



Northern New England Marine Education Project 



College of Education 
'University of Maine at Orono 
Orono, Maine ♦ 



NAVIQATJON 



A Maine - New Hampshire Sea Grant Project^ 
Supported in Part by NOAA, Office of /Sea Grant 

U. S. Department of Conmerce and by 
The College of Education, University of Maine 



#■ 



Title: NigiVIGATION 
*Mar1ne Concept: 4.11 

4. Man Is part of the marine ecosystem. 
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and the development of human cultures. 

4.11 The 0£ea*^s have served as routes for the dispersal 
y of human populations and for commercial transport. 
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INTROQUCTION 



" Over the past three or four years, a growing number of teachers 
have become interested in presenting some topics in their classes 
with focuses relating to the marine environment. This growth can be 
seen by the significant Increase in membership in such organizations 
as the National Marine Education Association. Interested .secondary 
mathematics teachers can provide an occasional nautical focus for 
their students by drawing upon the practices of ships* navigators 
for the student practice problems. 

Practical examples for student practice of newly Acquired 
arithmetic and mathematical skills increase student interest and 
understanding. They can also provide answers to student questions 
regarding the applicabiTity of apparently obscure* mathematical con- • 
cepts. Practices utilized by navigators cart be the source of mai^ 
interesting practical exan^Jles for students in secondary math courses 
• from basic algebra to spherical trigonometry. Students will be 
impressed to find that the basic procedures they learn are the bases 
for the navigator of boats from the smallest coastwise types to the 
largest crude carriers, and of airplanes from the lightest private 
planes to the heaviest airliners. 

Students must learn some basic vocabul^y in order to mak^ the 
exercises meaningful and realistic. The/Smount of vocabulary necessary 
depends primarily upon the mathematicaKskill level being taught. 
Fon example, firit year algebra students being given: dead^eckoning 
prob*lems.as a variant of distance, rate,' and time problems would need 
to learn only a very few new terms to* keep their problems consistent 
with those addressed by the coastwise piTot. On the pther hand,^ 
students working' with the resolution of celestial spherical triang^les 
in a more advanced course would have to develop a fairly thorough 
understanding of t^e coordinate systems used on both the terrestrial 
and celestial spheres and a number of labels and symbols peculiar to . 
the celestial navig^^tSlv' 

Across ti]i/ continuum of complexity there exists an opportunity, 
for mathematics teachers and geography teachers to conspire to instill 
in their students an understanding of the graticule (lines of latitude, 
and l-ongitude) we have constructed for our plane*t and l.ts importance 
to those who nayigate the expanses of our. seas and skies. 

Following are some sample^ problems with solutions for sludents to 
' try. The processes represented are by no msns the only navigational • 
practices which Could be used effectively in the cUssroom. They will, 
however, serve as good examples of the type of material teachers might 
use at different levels of school math skill. 

/ • ■ . ■ 

Teacher background material is presented very briefly and basically 
in the body of this unit. More detailed explanations are provided in 
the appendices and authoritative references cited for those with further 
interest. 
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DEAD I^ECKONING 

Introduction ' • 

Dead, or deduced, reckoning is the mos^ basic of the navigational 
practices. It Involves simply accounting fpr the speed, direction, and 
length ortime of travel of your vessel to arrive at your deduced posi- 
tion. This position is cormionly called the DR position of the vessel 
and is kept by all navigators. Practically, the navigator keeps track 
of his speed, direction, and length of time of travel from a known 
position called a fix. In the examples, we use in our exercises, the 
fix will be established by c>ose proximity of the ship to a known 
navigational aid or land feature. 



Concepts Stressed by the Process * • . 

Algebra students will have Itttle trouble deajing with the 
navigator's distance, rate, and time formula. For most Inshore . 
navigation or pilotage, the navigator uses the formula 60D - ST*- since 
he is to be dealing with tiirte expressed in minutes; -It isS^Jfiar that' 
this represents only a/minor adaptation to the standard distance, rate, 
and time formula (D = RT) commonly taught in school mathematics'. 

Direction Determination 



Several different means of. measuring and recording direction are 
disQissed in. Appendix A. Whije using this material with your students, 
use true directions. .That .Is', consider directions of travel as being 
measured clockwise from true North. True North Is easy to locate on 
a chart or map, since the meridians, or lines of longitude, ruJ^r true 
North-South, to determine a Arue course on a chart, just measure the 
angle /(Srmed between a& merldtan and the course line. Measure thisi ang'le 
clockwjse from North' Several examples Sre shown' below. ^ 
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Speed * - • * ' ' • 

Speed is always expressed In knots, which are nautical miles per 
hour. You will sometimes hear people talk about knots per hour. This 
is incorrect usige, unless they happen to be talking about an acceleration, 
which is unlikely. One /lautical mile = 1.15 statute ntiles. Nautical 
miles are particularly handy for navigators to work with since 1 nautical 
mile = 1 ' of latitude, which can be readijy measured from the vertical^i 
margin of any chart. Fractions of nautical milef are reported in tenths. 



Time * ^ 

^The maritime navigator utilizes hours, minutes, afid seconds ip 
his distance tomputationsy As expressed earlier, pilotage work often 
necessitates the use of rmnutes a^one. 

•^ 

Dead Reckoning * The Process 

The actual process of dead reckoning is quite simple. If we are^ 
close aboard^buoy N "2" at 1300 and proceeding pn course of 090" TC at 
a speed of 9K, we can predict, or deduce, our position at slibsequent 
%imes. For example*, at 1400, one hour later, we will be 9 nautical 
■ miles east of N "2".. That would be plotited in this manner on a chart. 



N 2 



<3 



TC o90 



3 9 



Note that the true course (TC) is printed above the plotted course line 
and the speed (S) .is printed- below the course line. The times are 
labeled not parallel to any line. The 1300 position is labeled the 
1300 fix, because our position is known since we're clgse tor the buoy, 
the 1400 position is labeled 1400 OR since it was arrived at through 
dead reckon ingJ, 

S^tudents can quickly learn these simple convehtions and then enjtjy 
solving 600 = ST in order to locate vavrous pR positions along the course 
-line on real or fictitious charts. 

The actual measuring of courses on t^fe chart, or plotting of 
courses on the^hart is done using some sort of course protractor, or 
parallel rul^s. Parallel rules are sigiply two rules attached to each 
other so that moving one wjfl result in moving a line segment parallel 
to the line segment formed by the stationary leg. (Note the possible 
use of a"h example of parallel lines and transvei^sals. ) To plot a 
course, the desired course is -found on the compass rose nearest your 
4rea and one edge of the parallel rules is laid down to intersect the 
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center of the compass rose and the mark on the cfrclefor the appro- 
priate course. Yoo'Tl notice that the outer ring of courses is<true 
courses, while the inner ring consists of magnetic courses. The 
. other rule is then moved toward the area in which you want to^ construct 
the course line. The parallel rules can be "stepped'' across the chart 
in this manner until you are able to lay down your cour;se line where 
you want it. , 

Course protractors are basically just elongated .protractors. 
Some models include gadgets for corrections of variation and deviation, 
while others do not. Simple school protractors can be used readily, 
^particularly when using true courses. Any meridian or parallel cap 
1)6 used as a base line for the use of a standard protractor. A ruler « 
along the edge of the protractor will make Jthe edge of usable length. 
When using a parallel line of latitude* rerrember that your reference • 
line runs east and west and this 90^ shift from" North must be accounted 
for in your measurement. 




It is often necessary to determine deduced position (DR position) 
at times -other than on the hour, or half hour. These positions can 
be arrived at through wse of the equation, and usually are, but you might 
like to teach proportions from this franje' of reference. For example, 
how^far al^g the course line would we be in the previous example at 1425, 
At the same speed (9K)? 



9 = X 



Pe^d Reckoning Sample Problems 
Use the sample chart incl-uded 



1. What is the distance in nautical miles fr»om the black and white 
jfeuoy "OH" to N"4" marking the channel by Old Man Point? 

2. If you are at BW "OH" at 1300, what time will you arrive at N"4" 
marking the channel to Old -Man Point if your boat is sailing at 

5 knots? ^At 7.5 knots? At 5 knots? Would you steer this course 
directly, or would you make for a different marJt^irst? Why?' 

3. - What is the true course between BW"OH" and N"4" marking the 

channel to Old Man Point? 

4. If you were close' aboard whistle buoy "3", what true course would 
you order to enter the centpr of the mouth of the inlet by Old 
Man Point? Abou-t how ,far would you have to travel until you 

in the mouth of the river? . ^ 

5. Using the information in question 4, if you were close aboard 
whistle "3" at 2200, what time would you expect to arrive in the 
mouth of the inlet traveling at 9 knots? At 4.5 knots? 

6. You've been sailing all night. Just before sunrise, you si^ht 
RB"HR" with virtually no visibility. What true course do you- 
steer to reach the moutX^f the Maine River? At 6 knots, what 
approximate tim€;would you expect to be thet»e? What two buoys 
would you pass close to? 



7. In the above problem, about what time would you expect to "be closest 
to the first of these .buoys? To the- second? 

# 

8. After picking your way in on a foggy night, you find yourself 
quite close to land and to a lighthouse, which you identify as 
Peanut Island tight. What true course would you steer to reach' 
Whistle^"3"? • ' 

9. In the problem above, you depart Peanut Island Light at 0100; 

what speed must you maintain to arrive at WHIS "3" at approximately 
0230? At 0300? 

10. Leaving WHIS "3" at" 0600 for an offshore f>shing trip, you steer 
true course 180°. You are steaming at 12 knots. What time do • 
you¥ expect to cross latitude 44°00'N? 
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Answers ta Sample ProbleTns 

1. 9flii1es (remember, 1 naotical mfl'e * of latitude; so, measure ■ 
the'dlstance Uetween the buoys with a pair'of dividers and compare 
it with '.the latitude scale \3n. the left edge of the chart. The 
distance U 9' Of latitude^ or 9 nautica-l -miles) . ' . 

2. 1448'at 5 knots 60 x 9 = 5 x TrT*^ lOS^fnimiteS. .108 minutes = 
1 hour- 48 minutes. llOO • ' ' * • 

• • ■ -t- 148 - • . . 

1412 at 7.5 knots ' ' - 

1430 at 6 knots , . 

'The-dinect course from' "OH" to N"4" leads very closje'to the rocks 
at The Graves. You would probably choose tp steer for WHIS "3". 

3. "OH"' to N"4" Is about Oir true. ' 

4. About 042"; about 9.5 miles. ^ ' - 

5. 2303 at 9 knots; 0007 at 4.5 knots. ^ 

6. True course .292*'; 0605 at 6 knots. You'd pass close to N"4" and 
N«2". ' ^ 

7". O515;.054'l 

8*. About 345;' *" * 

9. HO knots to arrive*at 0230. It's about 15 nautical miles to" 

*' "^IHIS "3"* from Peanut Island It., and" 0230 is 90 minuted from ^)100. 

' ' 60x15- 5 x 90 900 ,10^^^,3 ' 

7.5 knots to arrive at 0300. .' . • 

10. 0650 • . 
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Dead Reckoning- Problems • , . 

Jhese problems are based on NOAA Chart No, 1S288 [fonnerly C & GS 1204), 
■Monhegan IsUnd to, Cape 'Elizabeth'. See p-age for information on • 
•buying charfs. * • - . ' • 



^1. iiowfar Is it from Halfway Rock Light on Webster Rock to R"20 ML" • 

bn Mile Ledge off Seguin Island? 'What is the true course l?etween 

'the two , points? 
/ • • 

2, If you left. Halfway RoCk Light sailing at ^ knots, how many minutes 
would you expect it to be before you were' close to R"20 ML"? How 
many, hours and minutes? . ' ' 

3. Using the information in the first two problefus, at what time 
would you expect to reach R"20 ML", if you departed Halfway Rock 
Light at 1350? , , ' * 

si. A popular Maine yacht race *beg^ off Clapboard Island near Falmouth. 

The race goes down to Cape Porpoise and then to R"14 M" just west 
y of Monhegan IMand: The last long leg is from R"14 M" to Bell "1" . 

which isTlS miles east-southeast of Witch Rock off Cape Elizabeth.' 

(Bell "1" is at lo. 70*'09.8' W, 1 43*'37.1" N) How long is the leg 

of the race? , 

5. If you rounded R"14 M" at midnight on .the race, what speed-would 
you have'to'mdke to reach Bell "1" at 0400? 

/ ■ ^ \ 

6. . If the next course on the race took you to Gong. "3" at the entrance 

to HUssey Sound, what course would you steier to get there? 

7* At what time would you expect to arri\?e at Gong "3" if you continued 
tratveling at the same speed as your answer in Problem 5? (Assume 
that you rounded Bell "1" at 0400). At this rate, you'll surely 
win the eventi ' 

8. If you decided to row from Gong R"2" off Pemaquid Neck to BW 

Bell "HL" of Linnekin Neck, and then straight to the eastern shore 
.of Squirrel Island in. Booth Bay, how many mil^s would you row? . 
What would your first course be? ^ 

9*. If you leave Gong R"2" at 1200, rowing at 2 knots, what time would 
you expect to reach BW Bell "HL**? 

10. What is your course from BW Bell "HL" to the end of the small 
point on the eastern shore of Squirrel Island? At 2 knots, what 
- time would you expect to reach the point after leaving BW Bell 
"HL" at the same time you arrived in Problem 9? 
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Answers to Dead Reckoning Problems ' ^ 
Based on the Monheg*n' Island to Cape' E1 izabeth Chart 

, U 17.5"nautical miles. 261° true 

« • 

2. 131 minutes; 2. hours ^ 11 minutes 

3. 1601 * • ^ " 
:i 4. ^ nautical m'Fles 

• 5. 8.8 knots 

6. True course 355° ^ ^ 

7. 0419 

8. 5.1 nautical miles; ^45 

9. 1333 
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DETERMINING LATITUDE AND LONGITUDE 




'described 'using the latitude, and longitude coordinates of the position. 
If, for example, you want;ed ta report your location at, sea to a friend 
in .anotrtfe^ boat so th&t he oduld rendezvous with you, you would locate ' 
your position on your cHrt, and report it t-o him by radio. To find 
the latitude and longitude coordinates of a pdint on the chart, simply 
construct perpendiculars from t.he point to' the* latitude and longitude 
scales on tbe margins of the chart. There, you can read latitude' and 
longitude tp the nearest minute, of you can interpolate between minutfes 
for increased -accuracy. , 



For example, on thfe accompanying chai*t. you will see that perpendiculars 
have been constructed from Snake Point Light to the stales on the margins 
of the chart. You can see that the latitude of Snake Point Light to 
the neareft minute is 44° 09'N. Interpolating, you might .call the. 
latitude 44° 08. 9' N. The longitude measured along the bottom margin, 
is 70° 14' to the nearest^ minute, while it is 70° 14.2'W if you interpolate. 

I This hypothetical chart depicts a location in the* Northern 
Hemisphere. You Could deduce this from the fact that latitude m^f^sure 
i-s increasing as you go north. On a ^hart of th^ Southern Hemisphere, 
the opposite would be trueT that is, latitudes would increase numerically 
as you went soutff.^ Similarly^ this chart represents an area west of 
the prime meridian as you can tell*by the numerical increase io^ longitude 
as ^ you proceed west. . ' 

No scale of distances is drawn on this chart so i(iat students will 
learn to equate minutes of latitude with nautical miles. Do hot allow 
.them to equate minutes of longitude with nautical m1^§s, since on the 
Mercator Projection chart, the minutes of longitude decrease 1n size 
relative to minutes of latitude as you go away from the equator. The 
only place that a minute of longitude would equal one nautical mile 
is at the equator. No compass rose is provided on the chart, but 
variation information is available in the upper left h^d corner. 
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Probrlems Deternyininq Latitude and Longitude 4 « . 

These protjiems are based on the fictitious chart provided with the 
material. ' ' , 

1. What are 'the latitude and* longitude of Snake Point Light? 

2. What are the coordinates (latitude aritl longitude) of Peanut 

^ Island Light? • ' " • . • ^ 

3. What are the coordinates of , Lizard Hea'd Li^ght? 
4; What are the coordinates of Old Man Point Light? 

5. If you were at WHIS "3" and wanted to sail directly to ,1 44''00.0'N, 
lo 70*'10.0'W, what course would you have to steer? How far from 
the whistle isAbhat point? 

6. .If you sailed 3 miles due west from buoy N "4" off Old Man Point, 
- what would your position be at the end of those 3 miles (latitude 

and longitude)? 

7. If you traveled 5 niiles due north from BW "OH" and then turned to 

a due^easterly cours6; and traveled 3 miles, what would your position 
be? ■ 

8. What is the true course and distance from BW "OH" to 1 44*'05.0'N, . , 
lo 70*'05.0'W? 

9. What is\he true course and -distance from 1 44*05. 0'N, lo 70*'05.0.'W 
to C"'3" off the mouth of Maine R-iver? How long would you have to 

*sail at 7 knots to j;over that distance? 

« 

10. If you sailed the following courses at 6 knots for the time periods 
^ given, what would your location be at the end of these courses? 
Begin at WHIS "3". > 

TC 235 Time 1 ht. 10 min. . 
TC 145 Time 50. min. 
TC 250 Time 47 min. 

/ 
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Answers to Problems Detennining Latitude and Longitude 

Based on the included chart. ' 

»1. l'44° 08.9' North; lo 70° 14.2' West (can be rounde4 .to nearest 
minute) 

2. 1' 43° 55.4'N; lo 70° 06.8'W ' ' ' . 

3. 1 43° 57.4!N; lo 70° 16.9*W 

4. 1-44° lf.7'N; lo 70° 04.4'W 

5. 180°; 10 nautical miles 

(5. 1 44° 10.9'N; lo 70° 10.0'W 

7. 1 44° 01.8'N; lo 70° 09.5'W 

8. TC 048°; 11.0 nautical miles ^ 

9. . TC 268°; 14.5 nauttcal miles-; 124 minutes (2 hrs. ,^4jnin. ) 
10. 1 43° 58.5'N; lo 70° 14.7'W 
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Problems D etermin-Tnq Latitude -and Longitude . 
--^ 

Thes^ problems are based on NOAA'Chart No. 13288 (formerly C & GS 1204), 
Monhegan Island to Cape Elizabeth. 

1, What are the latitude and longitude of Halfway Rock Lig'ht? 

What are the latitude and longitude ( coord i hates)' of Monhegan 
Island Light? . - - 



3. What are the coordinates of the WPOR riidio tower in the Woodfords 
J section^ of Portland? * . ■ ' 

4. What are the coordinates crP'Pemaquid Point Light? 

^. If you were'at Fuller Rk. Lit. and wanted to sail -directly to 
1 43*' 30.0'N, lo 69° 50.0'W, what true course would you steer?- 
What distance would you have to travel? 

6. if you traveled 4 miles on a true course of 1,35° from BW "WB" 
west of Cape Small, what would ydur position be at the end of the 
4 miles? 

7. If you traveled due south (true)(180°) from R "20ML" off Seguin 
Island, for 9.7 nautical miles and then turned tcf a due westerly 
(true)(270°) course, and traveled 14.8 more, miles, what would your 
position be? What navigational aid' wou||^ you be close to? 

8. What is the true course and /istance from R-IAM" off 'Monhegan 
Island to 1 43° 40.0'N, lo y59^ 30.0'W? ^ 

9. What is the true course and distance from 1 43°' 40.0'N, lo 69° 30.d'N 
V to R"20ML" off Sequin? How long would it take you to travel that 

^ course at 8 knots? . 

10. Beginning at R"20ML" plot the following courses. You are traveling 
at 12 knots, for the given lengths of time. What would your position 
be at the end of the last course? 

^ TC 221° Time 30 min,''' 

TC 300° Time 30 min. 
TC 238° T1m6 65 min". 

What is the name of the small harbor you've reached? 
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Solutions to Latitude and Longitude Problems 
Base* on NOAA Chart No. 13288 r 

. ( • ' ■ 

1. 1 43*'\39:3'N; lo 70° 02.2'W / 

2. "1 43" 45.9'nV lo 69° 19.0'W \ 

3. *1 43° 39.9.'N; lo 70° 16;2'W ^ 

4. • 1 43° 50.2'^; Jo 69° 30.4'W 

5. TC 180°, distance 11.7 nautical miles 

6. 1 43° 40.0'N; lo 69° 51.4'W 

7. 1 43° 31.6'N; lo 7J0° 05.6'N. R"R' . This is a Tdrge buoy 
(40' diameter) tha^t has; replaced to "Portland" lightship. 

8. TC 226% 7.6 nautical miles 

9. TC 278°, 11.3 nautical miles. Travel time 85 minutes. 
10. 1 43° 33.0'N; lo 70° 13.3'W. Seal Cove 
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BEARINGS ^ ■ ■ . 

A basic piloting skill utilized by nav^igators of all sfzed vessels, 
is the taking of bearings on objects with known locations. Taking 
several nearly simultaneous bearings on different objects .and plotting 
them can result in a fix. which is a reasonably certain plot of your 
position at that tirne. 

A bearing is taken'by noting^the di recti onVrdm you*to* the* object 
using/a compass. Several devices such as the' hand bearing compass and, . 
pelorus hSve been develqped for taking accurate bearings, but any compass 
will do. 

In the included problents we will discuss only true bearings . (See 
Appendix A) for procedures to be used correcting actu&l compass bearings. 
Teaching students about bearings presents ar good .opportunity to discuss 
directional reciprocals,, since you will plot the reciprocal of the 
true bearing (TB) from the object toward your position. 
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In pl6ttirig from the known position toward the approximate position 
of the boat, we are drawing. a li^e of 'position (LOP). We know that our 
boat Is somewhere along- that LOP if we have taken the bearing correctly. 
You can see that by plotting two or more of these bearings', a fix can 
be established at the intersection of the LOP's. zs^ 

' When plotting an LOP write the bearing to the object above the line 
and the time of the bearing below the line. 



Bearing Problems 



These problems are based on the chart provided with- the material. 



vi. If you were standing at the light on The Graves, what would the 
bearing of WHIS "3" be? Of RB "HR"? . Of Peanut Island Light? 
Of Old Man Point Light? • 

2. What ,is the bearing of The 'Graves from Snake Point Light? 

V 

3. Dt'aw a line of position (LOP) that would represent your position 
1f Peanut Island Light had a bearing of 080'' from your boat. / 

4. " What would your latitude 'and longitude be if you took bearings 

on- The Graves and Snake Point and found The Graves to bear 
355° and Snake Point Light to bear 310°? 

5. What would your position be if you took bearings on Lizard Head 
Light and foun<^ it te bear 130° and Peanut Island Light had a 
bearing of 060° at the same time? 



r 

Solutionr"to Searing Prob1efns> 

Based' on the chart provided u^th the nraterial 

1. 305^; 237^; 173*"; ^IT^^ 
*2. 095° . 

3. Draw a line from Peanut Island Light toward 260° 

4. 1 44° 01.8'N, lo. 70° 07.5'N \ 

5. 1 43° 51.8'N, lo 70° 11.7'.W 

/ 
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APPENDIX^A 
DIRECTION DETERMINATION 



•The compass is divided into 360 degrees. These begin at North 
(000°, 360**) and are counted clockwise with 090° being East, ^80° 
being South, and 270° being West. While the old-timers used to name 
course by points of the cof|J^ass, nearly all •navigators now use the . 
360° compass in naming courses. For example,' an old fisherman might 
have steered so 'so 'east from the harbor to the fishing grounds; 
today's mariner would be more likely to call the same course 157*. 

• 

There are several different measures t)f direction, with which 
navigators must be familiar. These include true directions, those 
relative to the graticule, lines of latitude and longitud^; magnetic 
directions, those relative to the m^gnajtlc poles of the earth; and 
compass directions, those relative to the ship's compass* These types 
of directions, and the factors which separate them will be explained 
in some detail here for your interest. Changing from'one type of 
direction' measurenent to the other requires algebraic addition of 
Integers which might. make good algebra practice for students. 

True directions. are those measured relative to the parallels and 
meridians of the graticule.' True courses can only be read directly 
from gyrocompasses, and these must be set from magnetic compasses 
using known variations, '^any small, boat navigators never use true 
courses, while some use them because any parallel or rneridian of the \ 
printed graticule on a Miercator Projection Chart can be used for a 
reference when using true courses. 

» 

Since the earth's magnetic poles are not located at the geographic 
poles, magnetic courses are not the samelas true courses. <The angular 
difference between true North and magnetic North, at any given location 
is called variation. *It will usually be expressed in degrees, minutes, 
and tenths of minutes east or west of North. The actual value of 
variation varies greatly from place ta place on the earth's surface. 
For example, variation is approximately 17°W along the central Maine 
coast, while it is only 2°W off the Florida coast. Since* the earth's 
magnetic field 1s slowly moving, this value changes slightly every 
year. The'correct current value of variation for any given area 
can^be found in the center pf the compass rose on the chart of the area. 

• ■ " ' 

When changing magnetic course to true -courses,- easterly values for 
variation are added to the magnetic course to arrive at true courses, ' 
and westerly variations are subtractjjl from magnetic courses to arrive 
at true courses. For example, a magnetic course of 216° in an area 
of 17°W variation would represent a true course of 201° (MC - var.W = TC 
Converting from true course- to magnetic courses, westerly variations - 
are added, while easterly variations are subtracted. - 
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Ydu can see ttie reason for this in the diagrams. In figure 1, notice- 
that magnetic- north is M° east of true nof'th. Therefore, a course of 
OaO*' magnetic, would be 042** true, or 030** + 12" - 042*': • . 

In figure- 2, magnetfc north is 15Vwest of true north. You can 
see that a course of 340° magnetic would be 15° l£ss when expressed 
as a triie course. Therefore, *340° magnetic with a 15° wesTerly variation 
would be 325° tr^e (i'.e.', 34Cf^. - 15° = 325°). 

utifortunateTy,, the compasses on most boats and ships dcT not • 
Indicate magnetic directions. -This is *due t« the use of ferrous materials 
'in the boat's construction. As you know, ferrous metals affect compass 
Tieedles. -Large soncentrations of ferrous metals, such as engine blocks, 
have particularly serious effects on compass readings. Compass errors 
due to the presence of ferrous metals aboard the boat are called deviations, 
£ompasses are generally "swung" by conjpass adjustors to remove as much 
deviation as possible/but often small deviations remain. Since the metal 
masses change position relative to the compass magnets as the boat changes 
courses, deviation is recorded relative to the boat's heading. They are^ 
recorded in whole degrees and arp labeled east or west, as are variations. 
Co»*rec|j-og from compass courses to magnetic courses, easterly deviations 
are added whiW -westerly deviations are subtracted. Con vertltig. magnetic 
courses to compass courses, easterly 'deviations are subtracted, while 
westerly deviations are added. You 'wWLnptice that this, is'c'onsi stent 
with the applications ^f variation. 

. There is an easy way to remember the appropriate direction of 
application of variation and deviation. If you consider true ctfurses to 
be the most correct cdirses, and canpass courses to be the least correct, 
simply remember "correcting add east". All other procedures are opposite. 
For example, uncorrecting add west; correcting subtract west; uncorrecting 
subtract east. 

The difference between magnetic and true directions Is probably 
worth student consideration s1rKe It does crep^up fn map reading^ etc. 
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APPENDIX B 
BEARINGS - SPECIAL TECHNIQUES 




Hand-Bearing Compass 



Several interesting-techniques exist for the navigator which make O 
Interesting examples for geometry students*. The first is called, 
doublijig^the angle on the bow. It deals with relative bearings (RB) 
on an object 'of known position. A relative bearing Is the angular 
measure from the centerline of the boat to the object. It is generally 
measured clockwise throu&h 360", but for this technique, if will jus.t 
be measured through 180" on either side of the boat. 



270 

V. 




-090 



090 




Normal .'RB' 18O. 



leo 



Doubling Angle 'RB' 



In this technique, the relative bearing of an object such as a buoy 
is taken while the object is somewhere off the bow. Note the time, the 
course, and the speed of the boat at the time the bearing is taken. The 
relative bearing to the object is watched until it is twice its first 
bearing. At tha^t instant, the time is noted and the compass bearing 
to the object is taken. At that ^time, the distance to the mark is the 
same as the distance you have traveled since the first bearing was taken. 
Your geometry students should be able to prove this using the appropriate 
theorems relative to supplementary angles and isosceles triangles. 



o 
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Taking your first bearing when the object bears 60° relative, and 
your second when the object bears 120° relative is a special application 
of this practice, -Your students should be able to recognize this as 
an equilateral triangle. 
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Problem: 




1. You are traveling at 6 knots in a straight line.. At 1300, you 
find the relative bearing of a buoy, to be 35°. At 1320, ^ou 
find the relative bearing on the same buoy to be 70P. At 1320, 
how far were you from the buoy? . 

2. Geometry students. Prove that this' technique works for any 
relative bearing for the first sighting and double that value 
for the second sighting. 

• .* . ' 

3. Using the fictitious Orono Bay chart, determine your position 
under tn«-#e4j: o^i ng circumstances: At 1410, you find the 
relative bearTng of RB"HR" to be 30**.. At 1440, you find the 
relative bearing of RB"HR" to be 60°, and its true bearing to 
be 045°. If you were traveling at 7 knots between 1410 and 
1440, what is your approximate' position *at 1440? Give the 

* coordinates of that position. 

4. Geometry students. Prove that your' distance from a buoy at first 
* sighting and at second sighting will be the same, and that these ■ 

wifv be the same as the distance you have traveled between 
sightings, if your first relative bearing is 60° and your second 
Is 120°. 



t 



Answers 
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1. 

2. 



2 nautical mi les 
D 




3. 
4. 



L44° 01.8'N; lo 70° 14.4'W 




Given: Ik = X**; ZdBC = 



Prove : AB = BC 

Za-x° 

Z.DBC = 2X° 
LABC = 180 - 2X° 
Z.BCA = 180 - 
[(186-2X)+ X] 

5. /. tBCA = X° 

6. ;.AB = BC 



1. 
2. 
3. 
4. 



1. 
2. 
3. 
4. 



5. 

6. 



Given : = 60° ^ 
^.DBC = 120° 
Prove: AC C8 = BA 



1. it A = 60° 

2. Z-DBC - 120° 

3. Z_ABC ^ 60° 

4. L C,= 80° 
5.. VAC = CB ^ BA 



1; 
2. 
3. 
4. 



5. 



Given 
Given 

Supplementary Angles 
Sum of the interior 
angles of a triangle 
is 180° . 

Sides opposite the ' 
base of an isosceles 
triangle are equal . 
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Given 
Given 

Supplementary Angles 
Sum of the interior 
angles of a triangle 
is 180° 

The sides of an 
equiangular triangle 
are all equal . 



4 
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APPENDIX C 
CURRENT SAILINGS 
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Introduction 

A dead reckoning, plot is always kept^by navigators, but seldom 
does It actually represent the track a vessel covers over the bottom. 
As you know, dead reckoning accounts for three factors - speed of 
the boat through the water, length of time for which the boat moves 
through the water at that speed, and direction of that movement. 
One factor which nearly alwaiys causes a boajb's path over the bottom 
to deviate fromtbat^ projected by dead reckoning is current. Current 
Is a movemenj/tfr the water mass in which the boat is traveling. 
Considering some new variables now, provides an interesting opportunity 
fo,r geometry, trigonometry, and physics students to further their 
inquipjes into the chxjres of the navigator as they relate to school 
mifheipatics. . - ■ . v ' 

Currents generally result from persistent Winds, from tidal flows, 
or from the Coriol is. Effect resulting from the earth's rotation. The, 
sources of the water's movement will hdve no real effiBCt on our work, 
hfere. If you have further inter'est in this, consult such reference 
works as Dutton's* or Bowditch (sfee Bibliography). 



Types of Current Problems , 

Three different types of current problems are coimionly encountered 
by -.^ravi gators. They include the foil-owing: 

' 1. Situ^*donS' in which t?oat speed through .^he water and 

heading are known* and set and drift of the current - . 

are known, and the actual track and speed of advance are 
to be found; 

2. Situations in j(*hfch boat speed, course and time ar^ 
known and the boat's ^tual track and speed of advance ' . 
are known; so, the set and drift of the current are 

to be found; aj3d, 

3. " Sitifations in. which set and drift of the current are 

known. Intended track and desired speed of advance 
are known; so, the course to steer and speed to make 
' throi^h the watSr must be found. 

Since so-lutions to current problems involve vector resolution 
and analysis, let's diagram these three situations for ease of 
understanding. §1^, let's define a few new terms first. 
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Actual Track , sometimes called course made good (CMG), is 
the movement a vessel has accomplished in reference to 
the ocean's bottom over a period of time. 

Course (C).will be used synonymously with heading. That 
is, it is apparent direction in which the vessel is moving 
as determined by the compass. 

Drift (D) is the. speed of a current expressed in knots. 

* > « 

Estimated Position (EP) is assumed to be. a slightly more 
accurate establishment of a vessel's position than a DR 
position in which another factor, sych as current has. been 
taken into account. An EP is less accurate than a fix, 
The EP is marked by a small square. 

Intended Track is tha desired movement of the vessel over the 
bottom, labeled ITR. 

Set (S) of the current is the true direction toward which 
it flows. ^ 



Speed (S) will be used to identify the speed of the vessel 
through the water. 

-I 



rough the water. 



Speed of Advance (SOA) is the rate at which the vessel is 

covering the ground along its actual, or intended track. 

This is called speed made good (SMG). if it has been 
accomplished. 



0 
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Cu-rrgnt Sailing Situations 



Sltuatioh-^1 . 




X3 \J\ 



Known : Boat speed and 
course, set and 
drift of the current. 

I 

Find : Intended track and 
< speed of advance. 



Situation 2. 




Known ; Boat speed and 

course, and course 
and speed made good, 

Find : Set and drif^f 
the current/ 



Situation 3. 




Known : Intended track 
and speed of > 
advance, and set 
, and drift of the 
current. 



Find: Course and speed. 



\ 
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Solution of Current Triangles , j 

Students should solve these problems dealing wi/h currents just 
as navigators do, that is graphically. ^ This presenjcs a good opportunity 
for teachers to teach their students ab'out drawing (to scale, and about 
"head to tail'" resolution of vectors. Navigators would construct 
these problems right on their charts of the area they're sailing in, 
and students can do the same If you have NOAA charts, or have made 
rough charts of some fictitious area. (Sometimes, fixed based operators 
at local airports have to dispose of air charts as those in stock 
become obsolete about every three months. Contact your local general 
aviation terminal and see if you can have some of those charts.)' 

■ 

Let's use Situation 1. as an example .for explanatton. In that 
problem, boat speed is known to be 6 knots along a course line of 
100° true. The current is known to be setting the boat towar^d the 
South (180°) at a rate of 1.5 knots. Have the student? construct a 
course line 6 nautical miles long along the course 100° true. At 
the eastern end of that line," have them construct a line representing , 
the current 1.5 nautical miles long heading dug so'Uth. Tfie "tail" 
of the current vector has now been constructed at the "fTead" of the 
course vector. By constructing a vector frdm th^ "tail" of the course 
vector to the "head of the current vector, the intended track a;nd SOA 
can be represented. Intended track is represented by the directtoo of 
the vector and SOA is represented by its length in the Sarnie scale. 

Proportionatlty can be discussed at this time, since any lengths 
of lines will result in an appropriate resolution as long as the two 
constructed lines are constructed proportionally. f 

Situation 2. arises after a boat has steered a particular course 
at a known speed through the water. for a known period of time from an 
accurate fix. At the end of that time, the navigator is able to fix 
the boat's position and finds that -it is different from the position 
predicted by dead reckoning. He now knows what his track would have 
been in a no current situation, and he kndws what his actual tr^ck was. 
The vectorial difference between these tracks is- the current. It is 
solved by construction just as was the previous example. Plot the 
dead reckoning vector from the fix, then plot the actual track wector 
from the fix. Jhe vector completing- the triangle from the DR vector 
to the actual track vector represents the set and drift of the current. 
Measure this vectof. If the length of time you'v^ traveled since your 
last fix is just one hour, set up a proportion to determine the V 
rate in knots. For example, if the current vector is 3.4 nautical miles 
long at the end of a course traveled for 1.7 hours, the following 
proportion would yield the current rate in knots. 

3.4 = X ; x = 2 knots 

Geometry students can study the proportionality of the lengths 
of thevsldas of similar triangles by setting these problems up different 
periods of time of travel at the Intersections , of the courses and 
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currents and note the proportionality among the lengths of the sides. . 
You might also note the possibilii^ of discussing parallel .lines and 
transversals. \ 

• 

•Situation 3. is encountered when a navigator knows the track 
he wants to follow and the speed he wants to maintain, and the approximate 
set and drift of the current. He then must determine the heading he 
shoulji, steer and speed through the water that he should maintain to 
accomplish his intended track and speed of advance. He first plots 
his Intended track and'marks oCf, the distance he would like to travel 
along that track-^ln one hour. He then constructs the current vector 
head to head at the one hour mark on the intended track. This current 
vector gets its length from the distance the current would set you in 
one hour, and its direction from the direction in which the current is 
setting you. Now, by connecting the origin of the track vector with 
the "tail" of the current vector, the heading that must be maintained 
can be determined; The length of the course line yields the speed ^ .• 
through the water which must be maintained to accomplish the intended 
speed of advance. 

Many practical problems can be. gleaned from these three types 
of situations. Follwing are examples for each type of situation. 

l^roblems * ■ " . 



1. If a helmsman steers 270® magnetic for one hour while his boat 
sails at 8 knots, what course will h1^ actual track follow, and 
how long will it be at the end of t^t hour, If the current is 
setting 180 magnetic at 1 knot? 

2. A ship head due north (pOO°) magnetic for two hours- at 22 knots. 
At the end of that two hours, a fix shows that their actual track 
bore 010° manetic and was 46 miles long. What w&s>the set and 
drift of the current? .(Remember that the problem gives you. a two 
hour time lapse.) 



3. What course and speed must a boat maintain to actually cover 10 
miles if» the next hour and 15 minutes along a course of 135° 
magnetic. If the current is setting 315° magnetic at 175 knots? 



Answers 

1. Track 263°; distance made good 8 1/4 nautical miles. 

2. Set 091°; drift 7.5 knots 

3. Course 135° magnetic; speed 9 knots. » 
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APPENDIX D 
LATITUDE AT. MERIDIAN PASSAGE OF THE SUN 



Introduction 

. Determining approximate latitude using the sun's altitude at, its 
2enith is a relatively easy task. It can be used to reinforce some of 
the ma thfimatlcal concepts high school mathematics students have been 
acquiring, while introducing some new concepts about the relative 
positions of the Earth and the Sun. Further, it.will demonstrate a 
IH*actical application of som6 geometric concepts. 



Concejjts Stressed by the Process ^ 

GeOmeftry-^ students will see the usfe of the complement of an angle as 
the observed altitude of the sun (Hq). is converted to the polar distance (^) 
They- win also note the use of the theorems which deal with parallel lines 
cut by a trans vera! ^f they determine the. sun's altitude using the 
shadow of a stake 'in the ground. 

Stifdents studying trigonometry. can ^ee application of the tangent 
function in determining either Hg or z from the measurement of a stake's 
s+iadow at local apparent noon'(LAN). . 

Algebra students will see the final solution of latitude determination' 
to result frm the solution of a linear equation. I.e. L = z + dec. They 
will also have the opportunity to practice simple linear interpolations 
with whole numbers. f 



Physical Background • , . 

. Frofn our perspective* each day the sun rises somewhere in the eastern 
sky and traverses the sky in an arc to set somewhere in the western sky. 
The sun travels this arc at the rate of 15° per hour. Of course, we 
know that it is the Earth's west to east rotation that actually causes 
this apparent movement, but for the sake of our discussions here we '11-^ 
act as though we're stationary and the sun Is moving. Celestial navigators 
always adopt thi'S perspective. ^ 

At the midpoint of its arc across the sky, the sun reaches its zenith 
just as it crosses our celestial meridian. This phenomenon happens at 
local apparent noon (LAN). LAN is at exactly the same zone time for 
^very point at any given longitude on any day. But, since the sun is mdving 
continually,, the zone t^m of LAN is different for any two different ^ 
longitude^. 

If we can determltie the angle betwen the horizon and the center of 
the iun at the instant the sun is, at its zenith, it is ,a simple matter 
to compute our approximate latitude. 



At two times of the'Vear, the equinoxes, this wolild be particularly 
siniDle. That is because at those times when the sun is directly over 
the celestial equator, the latitude is equal to the complement of the 
observed altitude. Of course, the chances of the Instant of the sun's 
passage, from one celestial hemisphere to the other occurring just at 
our LAN is remote, indeed, but the precision o'f the instruments we will 
use for this exercise makes this concern totally unnecessary. 

Since the sun is usually, not right onShe celestial equator, we • 
must consider one more basic factor in our computations; this is declination, 
The apparent path of the sun-ftmong the stars is called the ecliptic. It 
is a great circle of the Earth. Due to fhe inclination of the Earth on 
its axis, this great circle is half in the Northern Hemisphere and half 
in the Southern Hemisphere crossing the equator at two points. This 
g»*eat circle forms an angle of a'pproximately 23.5° with the equator. 
Hence, the sun is nearly always either north or south of the equator, up 
to 23.5". This angular displacement of the sun north orsouth of the 
equator, declination, must be 'accounted for when determining latitude 
using the sun's altitude at LAN. V 

In actual navigationaf practice, declination at LAN is^extracted 
from the Nautical Almanac to the tenth of a minute of arc. '"For our 
purposes in this activity, the included chart will prov-ide the sun's 
declination to "the nearest degree for each day of the year. Again, the 
precision of the makeshift instruments recommended for this unit make 
this level of accuijacy in declination quite adequate. 

We will apply no corrections to our determination of the sun's 
altitude in this activity, but you should realize that the navigator 
makes a number of corrections to his sextant observations to eliminate 
errors due to height of eye> refraction, semidiameter of the sun, and 
others. 

Determining Latitude - Finding Approximate LA'N 

In order to know the approximate time- at which the sun will dross 
our meridian f we must know our approximate longitude and the time of 
meridian passage of the sun on that particular day. Longitude can be 
found on a map or chart of your area. You can determine the time of 
meridian passage from the accompanying chart. This time is given for 
a number of days of the year; linear interpolation between these date's 
will produce satisfactory results. 

y\ ^ 

To determine approximate LAN for your longitude, convert the 
difference -in longitude between your longitude and the zone meridian to 
minutes of tiirje using the following chart: ^ 

ARC TIME 

1 hr. 

V 4 min. 

15' 1 min. 

T . 4 sec. 

The zone meridian is the nearest meridian numbered with a multiple of 15° 
For example, the zone meridian for the northeastern United .States Is TS^W. 
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The Measurement of Declination 
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Once you have converted the difference in longitude between you 
(nd the zone meridian- to time, apply the time to the appropriate time 
\f meridian passage by adding the time difference if you are west of ! 
the zone meridian and subtracting It, if you are east of the zone meridian, 

For example, if .we are 5** 36' east of the zone meridian, and we have, 

determined the time of meridian passage to be 1158, our computations 
would look like this. 

5° 36' corWerted to time 

'5* = 20 min.' 

V ^30' - 2 min. 

^ ^ 6' « 24 sec. 



36' = 22 min. 24 sec, 



Since we're east of the meridian. 



11 58 00 (time of meridian passage) J 

22 24 (longitude difference converter to' time) 

11 35 36 



So, 11 35 36 would be the approximate time at which the sun wou^d 
reach, its zen,ith *nd cross our meridian on that day. If one doesn't 
have access to this information, such as while adrift 1n a lifeboat, the 
sun can simply be watched. Taking continuous altitude readings, one 
could identify LAN by simply noting the highest altitude attained by^ 
the sun. Add one hour to your computations if you are using Dayligrit. 
Savings Time tnstead of Zone Time. 

Determining the Sun's Altitude * . 

While the navigator uses a sextant to accurately determine the sun's 
apparent altitude, we will use rougher methods to avoid adding further 
confusing new concepts. *. . \ ' 

A very simple method of determining the sun's altitude Involves 
driving a stake vertically iftto the ground. Drive it into the flat 
ground as nearly perpendicular to the ground as you can. A plumb bob 
will help. Measure the shadow cast by the stake as LAN approaches and 
passes. Keep track of the shortest measurement you obtain. If your 
students are familiar with trig functions, have them determine the angle 
formed between the dnd of the shadow and the hypotenuse of the triangle 
using the tangent function. If they are not, you can compute that angle 
for them. This angle is your observed altitude, 'Hq. The complement of 
this angle, wbich is also the angle 'between 4;he stake and the hypotenuse 
of the triangle, is called the polar distance, or z. 



Another simple method of detennlnlng the sun's altitude at LAN is' 
to tape a common drinking straw along the base of a large plastic protractor. 
From the ctnter reference mark on the protractor, suspend a weight from a 
fine thread. Do not allow students to sight the sun through the strawl 
Have the students focus the straw directly at the sun by observing the 
shadow cast on a plain sheet of paper. The shadow of the straw will be 
just a sharp circle when the straw is pointed directly at the sun. At 
that time, the altitude dan be read where the thread, crosses the arc of 
the protractor. 




Note that the angle between the base of the protractor and the 
thread is z, or the complement of Hq. 



Determinfnq Latitude 

?nce you have determined Hg, or z, and declination, ycu are ready 
culate latitude. Our explanation will deal with situations on.ly 
Irtvolvln^ 'the Northern Hemisphere arjd latitudes north of ZS.S^N. Under 
those circumstances^ the sun is always south of "tHe observer's zenith 
at LAN. \ . • 

When the sun is in the northern declinations, the following fonnula 
c»n be used to determine latitude: 

^ • latitude (L) = z + dec. 

Remember that z Is the complement of Hq. ^ 

When the sun is in the southern declinations, the following formula 
applies: • ; \ . 

latitude = z - dec. » 
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The prefix N denotes a northern >(jecl1 nation; the prefix S denotes a southern 
declination. , ^ 
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♦ The prefix N denotes a northern declination;' the prefix S denotes a 
southern declination. 



ERIC 



17 



Tfines of Meridian Passage Of the Sun 

Jan. 1 1204 

Feb. 22 1214 

April 15 1200 

May 21 ^. 1156 

June 14: , 1200 

July 12 1206 

Aug. - 8 T206' 

Sept. 1 ' 1200 

Oct. 23 1144 

Nov. 14 ' ' 1144 

Dec. 25 . 1200 

1978 Nautical Almanac 
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GLOSSARY ' 



Altitude 

Celestial 
Equator 



Celestial 
Meridian 



Declination 



Ecliptic 



Equinox 



Great Circle 



Latituae 



X 



The angular distance from the horizon to tlie body 

An' imaginary line dividing the celestial sphere into 
northern, and southern hemispheres. This equator is 
directly above the terrestrial equator. 



An imaginary line running from the North Celestial Pole 
to the South Celestial Pole. The celestial meridians 
coincide with terrestrial meridians. 

The angular* distance of a body north or south of the. 
celestial equator. A measurement similar to the 
measurement of latitude on the earth's surface. 



The apparent path of the sun through the heavens, 
path is a great circle path. • 



This 



Literally "equal nights". When the sun's path crbsses. , 
the celestial equator, the day and night are each approx- 
imately 12 hours in length. 

Any- circle on the surface of a sphere which has tjie center 
♦of the sphere as its center. The radius of the great circle 
is, therefore, the radius of the sphere. 

See Local Apparent Noon 

(L) the angular distance of a point on the earth's surface 
north or south of the terrestrial equator. Parallels 
of latitude are imaginary lines running around the earth 
east and west. The equator is a parallel of latitude and 
is a great circle; the other parallels of latitude are 
small cirtles. 



Local 

Apparent No6n (LAN) the time of day when the apparent sun crosses the 
local meridian. 



Longi tude 



Meridian 



(Lo) the angular distance of a point on the earth's 
surface east or west of the prime meridian. The prime 
meridian runs through Greenwich, England. All meridians 
of longitude are gret circles. 

An imaginary line on the earth's surface running from pole 
to pole. The combination of the upper and lower branches 
of any meridian form a great circle. 
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Meridian 
Passage 



The movement of a celestial body across the upper branch 
of an observer's meridian. Altitudes of many bodies taken 
at the instant of meridian passage can be used to determine 
latitude. 



Observed 
Altitude 



Polar 
Distance 



Zenith 



Zone^ 
Meridian 



Zone Time 



(Ho) in navigational practice, observed altitude is the 
measured altitude of the body with applied corrections. 



(z) the complement of observed altitude (Ho), (that is, the 
angular distance from the body to the elevated ^elestial 
pole. . . I 

The point on the celestial sphere directly over the observer's 
head. 

The meridian at the center of each time zone. The meridians 
begin at the prime meridian and extend east and west at 
15° intervals. The zone meridian for the eastern U.S. is 
the meridian through 75°W longitude. 

Is time based on the zone meridians. Longitudes west of 
the prime meridian are + time zones, and have times earli€fr 
than Greenwich, while longitudes east of the prime meridian . 
are - time zones and are later than Greenwich. The numbering 
of the time zones is based upon the number of 15" increments 
the zone meridian is east or west of the prime meridian. 
For example, the eastern U.S. uses the nwridian through 
75° W longitude as its zone meridian. That makes the zone 
description +5; therefore, to determine Greenwich Mean . 
Time, simply add five hours to our zone time. 
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